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Abstract
This paper examines the economic competitiveness of implementing Carbon Capture
and Storage (CCS) for deployment on the Australias National Electricity Market
(NEM) against conventional base load electricity generation. By examining the Lev-
elised Cost of Energy (LCOE) for sent out generation as a suitable hurdle for judging
the future prospects of dierent technology types, we examine the likely mix of gen-
eration assets that could be invested in. After examining the LCOE it is shown that
CCS enabled technologies will not be competitive in Australia until 2025, which is
well beyond the rst emissions reduction target for 2020.
JEL Classication: Q40; G12; C61;
Keywords: Levelised Cost of Energy; Electricity Generation; Emissions Reduction; Car-
bon Capture and Storage
1 Introduction
Much has been written about the potential for Carbon Capture and Storage (CCS) tech-
nologies and their ability to signicantly reduce emissions and prolong the usage of coal
as a primary energy source [Gibbins and Chalmers 2008]. CCS has recently assessed by
Corresponding author email: L.Wagner@uq.edu.au
1the Australian Energy Market Operator [AEMO 2011b], as a viable technological options
for the abatement of carbon emissions released from the largest emitting sector in the
Australian economy. While CCS could act as a huge contributor to abatement of carbon
dioxide emissions, the feasible deployment of this technology as a bolt-on to coal red
electricity generation has been stated as not being available until 2015 at the earliest. Not
being able to deploy this technology rapidly on a large scale could mean that it is left
behind in the competitive search for low emissions electricity generation technologies as
Australia moves toward renewables. In some jurisdictions, CCS readiness has been a re-
quirement for installing new coal red power stations to supply the electricity market (e.g.
the UK) to ensure that emissions into the future do not exceed abatement targets.
Australia is one of the top users of coal per MWh for electricity generation in the de-
veloped world [CoA 2008, Garnaut 2008]. Furthermore, Australia has one of the highest
emissions intensities in its energy sector at 1.01t-CO2/MWh (in 2009). This has produced
a need to nd a way to continue to use the cheapest and most abundant fossil fuel resource,
coal, while also reducing our emissions. While timing has been signaled as an issue in the
possible deployment of CCS [Chalmers and Gibbins 2007], the true cost of deploying these
new generation assets in Australia needs to be carefully assessed to establish its competi-
tiveness as an investment option for the electricity supply industry. There a great number
of factors the member of the electricity supply industry must consider when deciding to
invest in a particular generation asset type [Thumann and Woodroof]. One of the di-
culties in providing a prediction of the true cost of each technology type is in estimating
its cost of production over its economic life and how this relates to future uncertainties in
policy formation.
In this article we consider a range of combustive technology types suitable for deploy-
ment to supply electricity on the National Electricity Market (NEM), to achieve emissions
reduction. The timing of such investments is crucial in obtaining a viable mix of gener-
ation options to adequately meet demand in each of the States connected to the NEM.
Furthermore, the timing of deployment could have a number of eects on Australias ability
to abate emissions especially, given the rst landmark year for our abatement trajectory
is less than a decade away.
Transforming the electricity supply industry (ESI), in Australia by facilitating a move
to lower emissions by 5% with respect to 2000 levels by 2020 would mean reducing our
emissions by 25% compared to the business as usual case. This dramatic cut is certainly
a challenge that CCS could help meet if it could become economically viable within the
initial planning horizon to 2020.
Our goal is to examine the implications of a variety of policy and market condition shifts
that could signicantly aect investment decisions in the electricity sector over the com-
ing decade. The remainder of the article is structured as follows: Section 2 provides an
analysis of policy and market issues facing the NEM. Section 3 describes our levelised cost
2model. In section 4 we present the results of the levelised cost methodology and the eects
of shifting market conditions. Section 5 contains some concluding remarks.
2 Background
Structural change in electricity markets can be fairly costly given that generation assets
are the most capital intensive contributors to economic activity [Stoft 2002]. Having said
that, structural change has to occur if long term emissions intensity is to be reduced and
the eciency of electricity production increased.
Currently, the Australian government is developing an emissions trading scheme intended
to dramatically reduce emissions from large carbon dioxide intensive activities in the econ-
omy. If this is to happen, the ESI will need to transform itself from one of the highest
emitters per MWh of sent out energy. This transformation will require a signicant shift
from higher emitting brown and black coal-red generation towards a range of technologies
such as Super Critical Pulverized Fuel, gas and renewables.
A second policy-driven factor that will be decisive for the timing and aordability of in-
vestment in generation assets is the prospect of signicant exports of natural gas on to the
international market. The Gas Electricity Scheme (GES) was introduced in 1994 by the
Queensland State Government to facilitate the exploration and use of coal seam methane
(CSM). This scheme placed a target for the amount of electricity generated by gas in the
State. This is currently set at 15%. The GES has been partly responsible for the current
rush to export liquid natural gas on the eastern coast of Australia. This export trade
could easily double the domestic price of natural gas in a short period of time and hamper
investments in gas-red electricity generation technologies
2.1 Emissions Trading
With growing community concern over the potential eects climate change, the Australian
Government attempted to implement a cap on Green House Gas (GHG) emissions via a
Carbon Pollution Reduction Scheme (CPRS)1.
The latest version of this scheme involves a xed carbon price for the rst 2-3 years, before
transitioning to a cap and trade scheme, with the auction of emissions permits to occur
monthly. The current Government has made a minimum commitment to a 5% reduction
(CPRS -5%) in emissions compared to 2000 levels (see gure 2.1). If the global community
agrees to a more extensive emissions reduction target the government has proposed a two
further targets of -15% and -25% (more commonly referred to as CPRS -15% and CPRS
-25%). Here we only consider the -5% and -15% reduction pathways given the failure of
1Through out this paper all references to the Australian CPRS refer to legislation present to parliament
known as Carbon Pollution Reduction Scheme Bill No.2 2009. [DCC 2010]
3the recent UN Climate Change Conference 2009 (COP15), to reach a consensus.
The electricity supply industry has been identied as being a strongly aected by such a
policy and it is recognised that it may require further transitional assistance to be brought
into compliance in the long term with the proposed CPRS. The Electricity Sector Adjust-
ment Scheme (ESAS) has been proposed to create an equalized emissions intensity factor
for higher polluting generation technologies such as older black coal and brown coal red
assets. This equalized emissions intensity factor reduces coal-red generators liability down
to a maximum of 1.01t-CO2/MWh [Lambie 2010]. The number of permits which would be
allocated under the ESAS would be based on the name plate emissions intensity established
at the start of the CPRS. This assistance has only been proposed for existing generation
assets and therefore all technologies considered here are not eligible for assistance.
The rate at which the carbon price is passed through on to electricity prices is highly
dependent on the generators emissions intensity that sets the price on the gross pool. This
pass through rate has been established in the short run as being between 80-100% with
changes to overall returns restricted only to higher emitters. Higher emitters, such as brown
coal generators, would be unable able to pass through the full cost of their carbon liability
when lower emitting technology types set the electricity price [Menezes et.al. 2009]. The
recent annual AEMO NTNDP [AEMO 2011b], and recent projections by the Treasury
[CoA 2008], have provided expected carbon price forecasts for CPRS-5 and CPRS-15 (see
gure 2.2)
4Figure 2.1: Carbon emissions abatement pathway [CoA 2008]
2.2 Liqueed Natural Gas Exports
With the prospect of exporting a signicant proportion of Australias natural gas resources
to China and Japan, the availability of aordable gas for use by the electricity sector is be-
ing put under pressure [Simshauser and Wild 2009]. The exports of Liqueed Natural Gas
(LNG), from Gladstone on Queenslands central coast, could have a variety of consequences
for Australias ability to generate low cost electricity from lower emitting technologies. The
exports of LNG from Western Australia have already been observed to have had a detri-
mental eect on investments in gas red electricity generation [Simshauser and Wild 2009].
Below in gure 2.2, we present four price forecasts based on AEMOs estimates for the
Moomba hub under -5% and -15% emissions reduction scenarios and the EIA reference
price for well head and average delivered price for natural gas to electricity users in the
lower 48 states of the US [EIA 2011b].
While many have supported the view that natural gas prices will remain bullish at the
Japanese hub to reach $12/GJ (which would result in the free-on-board net-back price at
the Gladstone hub reaching $9/GJ) such as the forecasts presented by AEMO [AEMO 2011b].
The general view of the Energy Information Agency [EIA 2011a, EIA 2011b] is that well
head prices in the US will remain low until well into 2020. With technical advances in
recovery of shale gas in the lower 48 states of the US, well head prices are expected to be
much lower than previously forecasted by the EIA and IEA [EIA 2011b, IEA 2009]. Pro-
duction from the US shale elds combined with large supplies being made available from
5Figure 2.2: Carbon price forecasts: Based on estimates from AEMO NTNDP
[AEMO 2011b]
Australia's coal seam gas elds, will signicantly increase world availability. However, these
conicting views over price forecasts imposes a great deal on uncertainty for investors into
the electricity supply industry in Australia. While fuel price risk still remains high with
recent unrest amongst Middle East and North African states (MENA), and uncertainty
over the future of oil supplies, we have made the assumption that natural gas contracts
will be set for 20 years.
Rather than implement any of the forecasts, we have removed the long term price un-
certainty by imposing a contracted price for each gas red generation technology which
assumes a signicant premium above the prevailing spot price at the Moomba gas hub.
In doing so we assume that gas red generation investment will be associated with a long
term gas delivery contract with at least a $2-3/GJ premium on top of long term forecasts
of $6/GJ out to 2020. Furthermore the price of gas at $8/GJ more accurately represents
the opportunity cost seen most recently in Western Australia [Simshauser and Wild 2009]
with a mature export market.
6Figure 2.3: Natural Gas price forecasts: Based on estimates from AEMO NTNDP
[AEMO 2011b] and EIA Annual Energy Outlook 2011 [EIA 2011b].
3 Establishing the Levelised Cost of Energy
An important goal is to ascertain what the true costs of dierent generating technologies
are. This involves what is known in the literature as levelised cost analyses [Alonso et.al. 2006,
Berrie 1967a, Berrie 1967b, Berrie 1967c]. Although we can draw upon this literature, it
is necessary to derive costs that are specically relevant to Australia to input into our
modelling. In particular we have relied on a variety of Australian sources for information
on generation costs [ACIL Tasman 2009, AEMC 2008, AER 2009].
To evaluate the likely optimal plant mix for a power system it is necessary to derive
the levelised cost of new entrant plant. Before we can model this plant mix, the analytical
framework and the assumptions made have to be discussed. In gure 3.1 we provide a
schematic which outlines all of the assumptions for the cost of generation model.
3.1 Financial Modelling Assumptions
The following assumptions have been included in our levelised cost model for establishing
the future viability of centralised and distributed generation projects. Time t is dened to
be a discrete time period such that t = 1:::n where n corresponds to the economic life
of the technology being considered. Each technology type is denoted by j. We shall now
7Figure 3.1: Flow Diagram of Cost of Generation Model (adapted from [?]).
move on to describe in detail our list of assumptions, as outlined in gure 3.1
The economic life (book life), of a particular technology j is expressed as lifej. Typi-
cal viable operating life span varies widely between manufacturer and technology types.
Here we have implemented typical book life values described by [ACIL Tasman 2009,
AEMO 2011b], as being generally acceptable industry standards.
The pass through rate of ination (), throughout this modelling will be considered to
be R = 75% for revenue streams and C = 100% for non-nance related operating costs.
The prevailing ination rate is assumed to be 3% in accordance with the aforementioned





















When applying a discounted cash ow model of the kind used in the levelised cost of energy
methodology, the eects of taxation rates must be accounted for. Currently in Australia
corporate taxation is currently set at 30%. When taxation shields are implemented the
8eects of deductibility of interest payments and imputation credits have been calculated
by a number of analysts [ACIL Tasman 2009, Allens 2004, NECG 2003], and the eective
corporate tax rate is assumed to be 22:5%
The Weighted Average Cost of Capital (WACC), has been used for a signicant num-
ber of regulatory decisions and has generally been determined as one of the hurdle rates
for investment in capital infrastructure in Australia [IPART 2002]. Initially we must es-
tablish the cost of equity using the Capital Asset Pricing Model (CPAM), as used by a
variety of regulators in Australia.
Re = Rf + e(Rm   Rf); (3)
where
 Re = Return on Equity,
 Rf = Risk free rates as observed in the market,
 Rm = Market rate of return,
 e = Equity Beta.
One of the most common applications of the CAPM model is to establish the cost of equity,
with the assumption that capital markets are completely independent [IPART 2002]. This
assumption is not applied here - international prices of debt, based on the increasing debt
basis point premium on BBB+ credit, are included to establish a more appropriate cost of
capital [Allens 2004]. The recognition, by some regulators [IPART 2002], that ownership
of electricity supply assets dictates all investment hurdle rates, highlights the need to act
in a conservative manner when calculating the cost of capital. We assume that the cost of
capital will be for private investment rather than any further development by government-
owned corporations. International credit ratings data and lending premiums were sourced
from [Reuters 2011]. All of the assumed values for the WACC calculations are presented
in table 3.1 below.
We have used the post-tax real WACC in a similar way as proposed in [ACIL Tasman 2009]
as a conservative proxy for investment decision hurdle rate for electricity market modelling.













 Rd(1   Te) = 9:93% (4)
The Fisher equation allows for the conversion of the WACC into real terms, which accounts






  1 = 6:72% (5)
9Table 3.1: Components of the Weighted Average Cost of Capital (WACC)
Variable Description Value
V=D+E Total enterprise value 100%
D Debt 60%
E Equity 40%
Rf Risk free RoR 6.0%
MRP = (Rm-Rf) Market risk premium 6.0%
Rrm Market RoR 12.0%
T Corporate tax rate 30%
Te Eective tax rate 22.5%
Debt basis point premium 295
Rd Cost of debt 8.95%
  Gamma 0.50
a Asset Beta 0.80
d Debt Beta 0.16
e Equity Beta 1.75
Re Required return on equity 16.5%
CPI Ination 3%
3.2 Plant Characteristics
The unit size (MW) of available generation installed capacity varies widely across dierent
technology types j, which we will denote as sizej. The number of units to include within
the optimal plant mix is calculated ed on an incremental integer basis, given that it is not
usually possible to install fractions of a unit of any particular asset type. Within our model
we consider uniform unit sizes within each technology type. Typical unit sizes have been
sourced from [ACIL Tasman 2009, AEMO 2011a, AER 2009].
Each generation technology type has dierent modes of operation which dictate its typical
energy output over time. More formally, the Capacity Factor CFj is the ratio of total
energy generated by a unit for a particular time scale to the maximum possible energy
it could have produced if it was operated at its maximum capacity rating for that time
period [Stoft 2002].
The Capacity Factor reects a particular technology types ability to recover its long run
marginal costs over a year. This behaviour also dictates its potential candidacy for inclusion
in the optimal plant mix. Typical operating behaviour has been taken from [AEMO 2011a]
historical data. The amount of energy which is expected to be sent out over an entire year
is denoted SO(t)j, for each generating technology j and is calculated as follows:
10SO(t)j =





The revenue stream version of the sent out energy calculation SOR(t)j, is found by applying
the assumed revenue ination escalation rate to the output generated by each representative
generation asset type. This is given by the following calculation:
SOR(t)j = SO(t)j  CPI(t)R: (7)
There are two types of outage patterns/rates which have been considered for inclusion in
this levelised cost/optimal generation mix model, namely forced and scheduled outages.
The rst is the Forced Outage Rate (FOR), which mainly incorporates the likely timing
and length of unexpected removal from service availability of a generating unit. Scheduled
outages/patterns are typical for maintenance of plant to maintain optimal operation and
long term viability. Typical acceptable standard outage rates have been incorporated from
the IEEE standards [IEEE 2006], into the expected capacity factor CFj for each technol-
ogy type j.
For the electricity generation sector, heat rates HRj are a direct indicator of the e-
ciency of energy production. The lower the heat rate the less fuel is required to generate
power. Typically, heat rate improvements over time have facilitated the deployment of
more fuel ecient and lower carbon emitting assets. Furthermore, some of the technology
types considered in this modelling have evolving heat rates as better technology is devel-
oped (i.e. Ultra Super Critical black coal red generation [ACIL Tasman 2009]).
The internal use of energy to enable a generation asset to operate normally is referred
to as auxiliary usage Auxj. Typically, generation technology types have improved their
internal usage factors considerably over time [ACIL Tasman 2009]. However the imposi-
tion of carbon capture and storage [ACIL Tasman 2009], has had an appreciable eect on
generator eciency rates. This will play a signicant role in whether this type of tech-
nology is suitable for the Australian electricity generation sector. Higher energy internal
use rates are expected to have a detrimental eect on the probability of inclusion in the
interior solution of screening curve analysis.
The ability of any electricity generation asset to maintain peak performance over time
is also an internal optimisation constraint on future performance. The technical reliability
of each electricity generation technology type is considered in our modelling framework
and is explicitly associated with sent out energy over time [Stoft 2002]. While some have
proposed the implementation of a degradation of sent out capacity over the nal 3-5 years
of the book life of the generation asset [Simshauser and Wild 2009], we have implemented
an extra form of maintenance to avoid this potential distortion of the operational perfor-
mance. Furthermore, many assets in the Australian electricity supply industry have lasted
well beyond their initial expected book life. Examples are Hazelwood power station and
11other brown coal red plants. To avoid the long term eects of capacity degradation, cap-
ital maintenance programs are performed via a variety of inspection on top of the usual
O&M. These inspections and their associated costs have been implemented directly into
the operations and maintenance costs [ACIL Tasman 2009, ESSA 2008].
CMj =





Accessing cheap, reliable and abundant primary fuel supply sources is of extreme impor-
tance for central planners and GENCOs to not only to nance and develop a project but
to also operate eectively. Fuel prices FC(t)j are examined explicitly by incorporating fuel
prices forecasts from a variety of sources [ACIL Tasman 2009, EIA 2011a, IEA 2009]. Fur-
thermore, primary fuel source pricing has a dramatic eect on the potential positioning of
an assets bidding behaviour. Total fuel costs for each generator technology type Fuel(t)j,
are given via the following equation,
Fuel(t)j =

HRj  CFj  FC(t)j
1000

 SO(t)j  CPI(t)C: (9)
The cost of deployment of each generation asset technology type Capexj ($/kW), is explic-
itly included in the cost structure of our modelling. While installed cost can vary marginally
for dierent locations, we have constructed this model from a central planning perspec-
tive and will rely on a generalized price for each technology type [ACIL Tasman 2009,
Klein 2009]. Installed costs include all costs: the component cost, land cost, development
cost, regulatory compliance costs, connection charges and environmental compliance costs
[Klein 2009].
The Fixed Operations and Maintenance costs FOM(t)j, are conceptually composed of
costs incurred regardless of whether the station generates electricity. The costs included
in this category are not always consistent from one assessment to the other but always
include labour and the associated overhead costs. Other costs that are not consistently
included are equipment (and leasing of equipment), regulatory compliance, and miscella-
neous direct costs. We shall adopt these conventions as previously implemented by the
Californian Energy Commission [Klein 2009] and the IEA [IEA 2009].
FOM(t + 1)j = FOMt  CPI(t)C: (10)
Variable Operations and Maintenance V OM(t)j, is a function of the generating assets
operational behaviour and it is composed of scheduled outage and maintenance, includ-
ing the three main inspection types, forced outage repairs, startup cost and the cost of
water [ACIL Tasman 2009, AEMC 2008, IEEE 2006, Klein 2009]. The VOM is found by
establishing the initial cost at construction V OCj per MW, escalating by CPI(t)C and
calculating the sent out energy SO(t)j and is dened as follows:
V OM(t)j = V OCj  SO(t)j  CPI(t)C: (11)
12The emissions intensity of any generation technology type EIFj, will become of prime
signicance over the next ten years. With a carbon pollution reduction scheme on the
horizon, higher emitting generation assets will struggle to have their power dispatched. The
emissions intensity factor (see table 4.1 for a comparison of dierent technology types), has
been explicitly included to account for future carbon liability under some sort of emissions
reduction plan [Roth and Ambs 2004]. The emissions liability CLj = f0;1g, the carbon
price C(t), and the total cost of that liability EL(t)j, for each generation technology type
j, is dened as follows:
EL(t)j = SO(t)j  EIFj  C(t)  CPI(t)C  CLj: (12)
The consequences of Australia's renewable energy target will have on dierent generation
asset types is also of importance when considering which plant types to invest in. Many
of the assets which we have included in our modelling are eligible for payments under the
renewable energy scheme. Accounting for these payments is performed via the following
equation:
RE(t)j = SO(t)j  REC(t)  CPI(t)R  REEj (13)
Where REC(t) is the renewable energy certicate price in time t, and REEj = f0;1g, is
the eligibility of a particular generation asset to be awarded those certicates.
The total costs associated with operations and maintenance O&M(t)j and the total oper-
ational costs TOC(t)j, associated with generation are follows:
O&M(t)j = V OM(t)j + FOM(t)j (14)
TOC(t)j = Fuel(t)j + O&M + CM(t)j + EL(t)j   RE(t)j (15)
To calculate the levelised cost of energy we have applied the following standard formula








































Having established the levelised cost formula we shall move on to three scenarios to examine
how the likelihood of investment options will change with respect to policy and fuel cost
view points. In table 4.1 we provide a comprehensive list of assumptions of technological
specications for a variety of generation assets which have been considered for deployment
in the NEM.
134 Analysis and Results
Establishing the optimal entry timing for a particular technology type revolves around a
great number of externalities which have been included in our analysis of the LCOE. The
development of analytical modelling frameworks that can model the NEM and capture
price signals with as generation options are implemented will provide signicant support
to decision makers in the pursuit of emissions reduction via technological improvement and
alternate investment prioritisation. We examine the LCOE of 10 technology types with
respect to a range of scenarios which demonstrate that, in the medium term, there is a
discrete set of base load generators that will be economically viable. The scenarios that
we examine are as follows:
Scenario 1: Business-As-Usual. (BAU) case with no carbon trading: in which carbon
pricing is not implemented.
Scenario 2: CPRS -5%. The CPRS is introduced in combination with the renew-
able energy target to reach an overall reduction of emissions by 5% below 2000 levels. The
price of emissions permits is set to reach approximately $33.7 t/CO2 in 2020.
Scenario 3: CPRS -15%. The introduction of the CPRS with a deeper emissions
abatement pathway is implemented to achieve an overall reduction of emissions of 15%
below 2000 levels. The emissions permit price is set to reach around $46.9 t/CO2 in 2020
which will place more pressure to achieve further energy eciency and lower emissions
technology deployment across the NEM.
4.1 Technology Specication
The recent announcement of the annual NTNDP to be performed by AEMO [AEMO 2011b],
has provided us with the most up to date information available on technology specica-
tions for stakeholders in the ESI. We consider a subset of the ten main these technologies
identied by NTNDP:
 IGCC - Black and Brown coal with and without CCS
 SCPC - Black and Brown coal with and without CCS
 SCPC - Black with oxy-combustion and CCS
 CCGT - without CCS
In table 4.1 we outline the standard components of the costs of each of these technology
types. The associated technology characteristics are all in 2011 terms without externalities
such as the cost of carbon or the benets of the Gas Electricity Scheme (GES). We have
not included the eects of the GES in this study as the term of its continued input is















































































































































































































































































































































































































































































































































































































































































































































































154.2 Scenario 1: Business as Usual
The incentives for investing in CCS technology for the energy supply industry in Australia
are completely removed in this case. Gas red generation is competitive as a base load
generation option (via CCGT) up to a gas price of $4/GJ. While this seems fairly low, long
term gas prices over the next 10 years are likely to remain low in the southern Queensland
area which is close to the CSM elds. While US well head prices are generally viewed as
a good indicator of production in developed countries [IEA 2009], transport costs through
the eastern states could add an extra $1.5/GJ to gas used in Victoria and Tasmania, given
their distance from the Moomba hub in central Australia.
Black and brown coal red SCpf remains the dominant option for deployment under the
BAU scenario (see gure 4.1 and table 4.2). Base load generation is most likely to be met
by black coal in NSW and brown coal in lower Victoria and South Australia. While location
was considered by the AEMO [AEMO 2011b], we have imposed the most cost ecient fuel
prices for each regional area on the NEM. With black coal prices based on the Newcastle ex-
port hub price and brown coal prices based used for Victorian and South Australian assets.
Finally we considered a high gas price at $8/GJ, which presents a large departure from
the forecasts by AEMO and EIA [AEMO 2011b, EIA 2011b]. Securing a long term gas
supply agreement at this premium would overcome market volatility concerns brought on
by supply problems from MENA states. This case study shows that regardless of the fuel
prices considered CCS is unlikely to be viable option until well after 2025.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































184.3 Scenario 2: CPRS -5%
Given the current political landscape in Australia this is the most likely carbon abate-
ment trajectory. The policies announced and proposed before Parliament [CoA 2008],
have planned a minimum commitment of a 5% reduction of emissions compared to 2000
levels. The carbon price trajectory remains relatively low to 2020 ($ 33.7/t-CO2). Given
the low emissions intensity factor of CCGT without CCS as a base load generator com-
pared to SC pf (Black and Brown), it is certainly the most competitive from an LCOE
perspective (see gure 4.2 and table 4.3).
CCGT without CCS is the most competitive generation option with a delivered gas price
of $8/GJ up to 2020. While a $10/GJ is still competitive for investment through to 2020,
subject to the availability of a long term supply contract. Entry of SC pf black and brown
coal with CCS is not competitive however until well after 2025. The possible entry of
IGCC - Brown with CCS - while theoretically feasible after 2015, the current price on
brown coal in lower Victoria is currently under inationary pressure do to the recent ex-
port agreement for brown coal briquettes to Vietnam linking the fuel to international coal
benchmark prices. Furthermore, IGCC is still only a demonstration technology in Aus-
tralia and yet to be deployed on a commercial scale. Beyond 2021 the emissions abatement
targets are more likely to be met by CCGT and USC pf black or brown. USC pf technology
is still under development but its predecessor, SC pf, has been successfully deployed on
to the NEM (i.e. Kogan Creek, 700 MW in Southern Queensland), as lower emitting and
more thermally ecient generation type.



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































214.4 Scenario 3: CPRS -15%
While the probability of the introduction of a 15% reduction in emissions by 2020 would
seem to be remote given the timing and the current political landscape, the aspirational
target is still physically and technically possible. CCGT without CCS was found to be
the most competitive up to a gas price of $8/GJ with entry of SC pf. Black coal is
still viable during the planning horizon out to 2025 (see gure 4.3 and table 4.4). CCS
based technologies are not viable for entry until long term gas prices reach $9/GJ with an
associated high carbon price. So the likely forward deployment rate of SC pf with CCS
must be signicantly questioned, given its immaturity. The rst industrial scale generator
will not be ready for commissioning until 2015 [AEMO 2011b].























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The proposed deployment of Carbon Capture and Storage into the Australian Electricity
Supply Industry has been met with much speculation by the coal-red generators as a
way to continue to use their cheap and abundant fuel sources. AEMO has signaled that
the rst CCS capable electricity generator will be installed during 2015. However, this
will be too late to make a signicant impact on the emissions intensity factor of delivered
energy for the industry as a whole. The scenarios considered here show quite conclusively
that, without a suciently high carbon price trajectory, CCS based technology will not be
suitable for deployment till after 2025 in the case of scenario 3 and 2030 for scenario 2.
The deployment of CCS technology as a viable economic option for supplying electric-
ity on to the NEM is seriously in doubt from a levelised cost of energy perspective, given
the ndings of this study. So stakeholders in the ESI should look elsewhere for a lower cost
generation option that has an adequate capacity, given the target set, to reduce carbon
dioxide emissions.
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